In the paper, probability distribution and fuzzy system based on the triple I algorithm and modified Reichenbach operator are discussed. Firstly, the joint probability density functions of two-dimensional random variables, the marginal probability density functions and numerical characteristics are obtained by using the center of gravity defuzzifier method. Secondly, the generalized center of gravity fuzzy systems and the center of gravity fuzzy systems based on singleton fuzzier method and non-singleton fuzzier method are obtained respectively. Meanwhile, it is pointed out that the center of gravity fuzzy systems are regression functions in the sense of probability theory. Finally, we prove the fuzzy systems not only have the universal approximation but also possess the first-order approximation accuracy.
Introduction
Since the fuzzy set theory was introduced in 1965 [1~3] , fuzzy control theories have achieved a series of remarkable success [4] .The construction of fuzzy system is being paid more and more attention by scholars. It is well known that fuzzy system consists of four principle components: fuzzifier, fuzzy rules, fuzzy inference engine and defuzzifier. The fuzzy system is usually constructed by singleton fuzzifier, CRI method and center average defuzzifier. But for some implication operators, the fuzzy system based on the singleton fuzzifier may not have the universal approximation [5] . As we know, the triple I algorithm adopts implication operator for three times while the CRI algorithm only adopts once [6] . From a certain point of view, the triple I algorithm is strict and its calculating result is similar to the result of CRI, even more perfect sometimes [7] . Fuzzy system based on the center of gravity defuzzifier was proved to be some interpolation function [8] . Then, Probability distribution based on the center of gravity defuzzifier has been established in the paper [9] .
Based on the above work, we get the corresponding probability density functions for the fuzzy implication operator through a set of input -output data. Compared with the numerical characteristics in the paper [10] , we get the conclusion that using different implications we can get varying probability density functions, but their corresponding random variables have the same mathematical expectations, the similar variance and covariance. Finally, we give the mathematical expressions of the fuzzy systems constructed based on the generalized center of gravity defuzzifier and the center of gravity defuzzifier and point out that the center of gravity fuzzy systems is a regression function in the sense of probability theory and they qualify for the first-order approximation accuracy.
The paper is organized as follows. In section 2, based on the singleton fuzzifier and the non-singleton fuzzifier, we discuss the probability distributions of the center of gravity fuzzy systems respectively. In section 3, we model the fuzzy systems based on the generalized center of 3rd International Conference on Mechatronics and Industrial Informatics (ICMII 2015) gravity defuzzifier and the center of gravity defuzzifier respectively. Meanwhile, we study the universal approximations of the center of gravity fuzzy systems. In section 4, we draw the conclusion.
Then we introduce several concepts which are used in this paper. Definition 1.1. Fuzzifier:
(1)Singleton fuzzifier: change the input variable into the fuzzy set, that is
(1) (2)Non-singleton fuzzifier: change the input variable into the fuzzy set, that is
Definition 1.2. Triple implication algorithm (triple I algorithm): let
we have
In formula (3), * B is the minimum fuzzy set which can make (3) have the maximum.
Especially, * B is the minimum fuzzy set in
, which can make (3) equal to 1 constantly, while the implication operator satisfies the conditions" ab ≤ , 1 ab →= " . Definition 1.3. Generalized center of gravity fuzzy system can be expressed as following, 
Where,
, we can have
we can make the maxmum of (,) Hxy equal to 1. When ** ()() AxBy ≤ , the above formula holds for the fixed (,) xy .
RAxByAxAxByAxAx By
AxAx On the basis of the above work, using the singleton fuzzifier, we can obtain
Using the non-singleton fuzzifier, we can have , using the singleton fuzzifier and triple I algorithm, the joint density function of the fuzzy system can be expressed as following,
Where, 
Theorem 2.3 Based on (12), the marginal density functions and the numerical characters can be expressed as
(2) (),(). Similarly, we can get
ii ii xx fyByBy L iii xyz are same as those in the theorem 2.3, using the non-singleton fuzzifier and triple I algorithm, we have the probability distribution of the fuzzy system. the joint density function:
the marginal density function, mathematical expectation, variance and covariance:
(1)
(2) , by (10) we have 
Thus, ()
Sx is a regression function of y about x . Namely, the center of gravity fuzzy system is the regression function in the probability theory. So, we have the following theorems. We can have Remark 3.2 For any given error, we can figure out the number of fuzzy inference rules based on theorem 3.4. In other words, the fuzzy systems based on the center of gravity defuzzifier and triple I algorithm can approximate original system with the desired accuracy.
Example Consider the nonlinear system: sin (), [3, 3] x sxx x =∈− . . The simulate curve and the error curve are shown in fig.2 . (2) We use the fuzzy system (17) to approximate the system s(x) within a given level of accuracy. 1) Letε=0.1, the number of fuzzy inference rules n=12 can be obtained by 2 
11
0.1 83 shsh ∞ ′′′ +< .
2) Letε=0.1, the number of fuzzy inference rules n=20 can be obtained by 2 
0.05 83 shsh ∞ ′′′ +< .
The simulate curve and the error curve are omitted.
Conclusions
Based on a set of input -output data and triple I algorithm, we have built the joint probability density functions of certain two-dimensional random variable respectively by utilizing the singleton fuzzifier and the non-singleton fuzzifier. And we deduced its marginal probability density functions and numerical characteristics. Then we have gotten the generalized center of gravity fuzzy systems and the center of gravity fuzzy systems and we have pointed out that the center of gravity fuzzy systems were regression functions in the sense of probability theory and had the first-order approximation accuracy.
Here, we should point out that in data processing of fuzzy systems, we usually adopt singleton fuzzifier since the input -output data are mostly distinct. However, when the data contains interfering signals, we must consider this uncertain factor. In order to improve anti-interference ability and robustness of the fuzzy system, we should adopt non-singleton fuzzy system. And it has a high application value in the practical projects for its strong pre-filtering capability [12] .
